Abstract: Clubroot presents a serious threat to cultures of oilseed rape, especially if the share of this plant species in sowing structure is high. This is related to a long-lasting survival of pathogens resting spores in soil. The casual disease agent is Plasmodiophora brassicae Woronin -an obligatory, internal pathogen of Brassicae family which causes the formation of tumors on roots and hypocotyls. Plants with disease symptoms have a confined ability of nutrients' and water uptake and this may cause considerable losses in quantity and quality of potential yield. Monitoring performed in cultivation areas and the information obtained from farmers allowed to confirm a threat of disease occurrence in several voivodeships. At the same time there is a serious danger of the infection spread to other regions of oilseed rape crops.
INTRODUCTION
Clubroot is a serious threat in oilseed rape crops, especially where the share of this plant in a sowing structure is considerable. In the recent years the interest of cultivating this species has increased and at the same time oilseed rape is regarded by many farmers as a plant that interrupts sowing wheat after wheat (Kurowski et al. 2008) .
Clubroot has been known since XIII century. It commonly occurs worldwide, especially in humid, moderate climate regions, but also in tropical and subtropical zones (Agrios 2005) . The main pathogen host plants are cultivated cabbage vegetables, oilseed rape, turnip like rape and mustard. This disease is also stated on numerous weeds of the cabbage family, but also on plants from other families, eg. poppy, knotgrass, red clover, some grass species (Dactylis glomerata, Lolium perenne) (Rimmer et al. 2007) .
The causal agent of clubroot Plasmodiophora brassicae (Woronin) is an obligatory, internal pathogen from Protozoa kingdom, Plasmodiophoromycota phylum, Plasmodiophoromycetes class, Plasmodiophorales order (Fiedorow et al. 2008) . It causes tumors of various size on top roots and their branching, and on plant hypocotyl. In the development of pathogen, a significant role is played by resting spores which can preserve their vitality in soil even for 20 years. Durability of spore structures arises due to an unique linking of chitin, protein and lipids (Rimmer et al. 2007 ) and this conditions their high resistance especially to unfavourable environmental conditions (eg. frost, drought, absence of host plant). Antagonistic organisms to this pathogen were not found in the soil environment (Borecki 2001) .
Germination of resting spores is stimulated by specific host plant root exudates (Kowalski and Bochow 1996) . Favourable conditions for clubroot development, apart from the high share of host plants in sowing structure, are moderate air and soil temperature (optimally ca 22-24°C) and high soil humidity, frequently related to non-regulated water relationships. Frequently it is stressed that the pathogen development is also related to high soil acidity. However, some cases of oilseed rape infection by P. brassicae were also recorded in soils with a neutral reaction or alkaline soils, if humidity, temperature and the level of inoculum were sufficient (Rimmer et al. 2007) .
Tumors most frequently appear 4-6 weeks after infection. Multinuclear pathogen's plasmodia devoid of walls first colonize epidermal cells, then cambium and root vessels. Tumors appear mainly as a result of hypertrophy and their cells may be 5-fold larger comparing to healthy plant cells. Hyperplasia (excessive division of cells) plays here a lesser role (Borecki 2001) . Excessive enlargement of cells and hastening their division is, among others, related to a high concentration of growth substances (indolo-3-acetic acid -IAA) in infected cells (Kryczyński 2005) . Pathogenesis of P. brassicae relies on using organic substances produced as a result of plant photosynthesis for building-up plasmodia and inhibiting water uptake and nutrients by deformed root system, and roots devoid of cortical layer are easily infected by soil microorganisms. Water stress causes plant wilting, deficiency of nutrient substances and reddening of leaves. Plant growth is stunted, size of leaves reduced, diseased plants start flowering earlier and the yield is of inadequate quantity and quality (Borecki 2001; Manzanares-Dauleux et al. 2001; Jajor and Korbas 2008) .
In the studies by Wallenhammar (1998) a strict correlation was found between the degree of soil infestation, the level of plant infection and yielding of spring oilseed rape. It should be emphasized that losses are not usually uniform for the whole plantation, and this is a result of a differentiated level of P. brassicae soil infestation (Wallenhammar 1998) .
At the moment of appearing of the disease on a plantation, the main preventing method of reducing losses is a break of oilseed rape cultivation during 7-10 years to the advantage of non-host plants (eg. cereals, potatoes, phacelia, beets). During this break it is necessary to control Brassicaceae weeds. The application of lime to the soil is also important, but directly prior to oilseed rape cultivation (Fiedorow et al. 2008) . A high significance in obtaining a proper effectiveness depends on a form of calcium. In this case calcium cyanamide (CaCN 2 ) -19.8% N, is frequently recommended (Naiki and Dixon 1987; Rimmer et al. 2007 ). According to Webster and Dixon (1991a) a higher concentration of calcium lowers the number of infections and the appearance of tumors, however this effect mainly depends on the amount of inoculum. So, there is a necessity of additional supplying of fertilization with macro-and microelements, because they improve a general plant condition, and also as boron they may hamper the disease development (Webster and Dixon 1991b) . The important disease eradicating factors are soil structure and regulating water relations. Spreading of the pathogen to one or several neighbouring fields can be confined by abandonment of the application of some cultivation measures and by precise cleaning and disinfection of agricultural equipment. A condition necessary for undertaking of appropriate activities is a continuous and precise monitoring of oilseed rape crops (Jajor and Korbas 2008) .
Intensive investigations are performed on resistance of cultivars to P. brassicae and on searching for resistance sources in all agronomicaly important Brassicaceae plants. Biological differentiation of this pathogen is very high (Robak 1991) . Pathogen population consists of several dozens of pathotypes and this considerably negatively affects the investigation.
A number of Chinese cabbage (Brassica rapa) varieties were obtained using European turnips as resistance sources. Field populations of the pathogen have a wide variation of virulence. Resistance genes of B. rapa were widely studied using molecular markers. At least four independent loci were identified and mapped, which originated from European turnips (Hirai 2006) . A very early reaction of resistant and susceptible varieties of B. rapa to the infection by P. brassicae was studied. Primary plasmodia were observed in hair roots both of resistant and susceptible cultivars, and secondary plasmodia were able to proliferate only in case of the last ones. After four weeks tumors only on non-resistant varieties were observed (Takahashi et al. 2006) . Investigations on breeding of varieties with a possible durable resistance are immensely important. The remaining methods of confining clubroot, including cultivation are not effective enough (Tewari et al. 2005) . Excessively extensive cultivation of oilseed rape in some regions of Germany, France and Scandinavia due to a frequent occurrence of clubroot causal agent has already led to reduction of production (Rimmer et al. 2007) .
Cultivars resistant to P. brassicae are known from the Common Catalogue of Varieties of Agricultural Plant Species (CCA). There belongs the cultivar Mendel, which is a restored hybrid characterized by race-specific resistance to P. brassicae. Resistance of this variety derives from resynthesized line of B. napus: B. rapa ECD-04 x B.oleracea ECD-15 (Diderichsen and Sacristan 1996; Diderichsen et al. 2006 ). Resistance of plants should be used rationally to avoid spreading of new virulent pathotypes of the disease causal agent. Because of this they should be sown in places where the disease was present in the previous years (> 30% of diseased plants), but not applied as a prophylactic measure, that in cases when only the risk of clubroot occurrence exists (Diderichsen et al. 2006) . It should be stressed that in the resistance strategy mixing of seeds of susceptible and resistant varieties destined for sowing on a given field is forbidden. At the present there are not many reports on breaking down resistance of field grown cultivar Mendel, however such evidence was recorded under experimental conditions (Diderichsen et al. 2003) .
The present work aimed at assessing threat to winter oilseed rape by P. brassicae in different regions of cultivation in Poland.
MATERIALS AND METHODS
Monitoring of fields and questioning farmers in agricultural environment in Poland were conducted aiming at the identification of the most endangered regions by the occurrence of clubroot causal agent.
A greenhouse experiment was performed in the Institute of Plant Protection -National Research Institute in Poznań. Experimental material consisted of 9 winter oilseed rape cultivars most frequently cultivated in Poland in 2007, being present in the Polish National List of Varieties of Agricultural Plants and the cultivar Mendel (CCA). Varietals reactions to the infection by P. brassicae were studied. For this purpose the soil samples from five geographically distant localities in Poland were taken, in which the infection of plants by this pathogen was stated.
Then the soils samples were placed in pots marked with the letters a, b, c, d, e (Fig. 1) . Then selected cultivars were sown in four replications for each locality. Two series of experiments were conducted. The names of cultivars are listed in the tables (Tables 1, 2) . At the growth phase BBCH 50-51 (green bud) the evaluation of the degree of infected plants was carried out. To accomplish this, all the plants were dug out, the underground part was washed off and afterwards their infection was assessed. While recording plant disease symptoms a 9-degree scale was used where: 0 -lack of symptoms, 1-small, single tumors on secondary roots, 3 -larger tumors on secondary roots, 5-7 -enlarging tumors on secondary roots and the main root, 9 -a large single tumor on root neck, lack of roots (Robak 1991) . Index of disease infection was calculated according to Williams (1987) . The results were compared statistically, using STATISTICA program. The analysis of experimental results was done according to double-direction classification model, using results of the two experimental series. It was accepted that the value of infection index is affected by the choice of variety (first factor), the soil (second factor) and that the interaction occurs between these factors. For comparing mean values of indexes a procedure of multiple comparison according to Tukey was applied (Ott 1984; Trętowski and Wójcik 1988) .
RESULTS AND DISCUSSION
Performed monitoring of cultivated fields and the information obtained from farmers allowed to state endangerment by clubroot in the following voivodeships of the country: zachodnio-pomorskie, pomorskie, warmińsko-mazurskie, and a part of kujawsko-pomorskie, dolnośląskie, podkarpackie and lubuskie regions.
The analysis of variance performed for the greenhouse experiment allowed to accept that all considered factors very likely differentiated the degree of infection expressed by the value of calculated index. It was found that the studied varieties registrated in Polish National List of Varieties of Agricultural Plants showed a differentiated degree of susceptibility to the causal agent of clubroot on soil from different fields. The significance of interaction soil -cultivar confirmed a different varietal reaction to different (derived from other locations) soil samples. For particular soils, it was obtained much greater differentiation of indexes than for the varieties themselves. Maximal values of disease index was obtained for the soil samples (e) from northern part of kujawsko-pomorskie voivodeship and soil samples (d) from northeastern region of zachodnio-pomorskie voivodeship. The lowest disease indexes were obtained for location (b) (north-western part of zachodnio-pomorskie voivode- Table 1 . Disease infection index of winter oilseed rape varieties infected by P. brassicae depending on different localities of soil derivation ship) and (c) (dolnośląskie voivodeship -the Valley of Kłodzko). This was probably related to the fact, that soil samples derived from different locations showed a different inoculum potential (Rimmer et al. 2007) . In case of listed pairs of soils (d) and (e) a significant differentiation of disease infection index was not observed, similarly as for soils (b) and (c), however the remaining soil pairs highly significantly differed between themselves with the respect of plant infection degree (Table 1 , Fig. 2 ). Plants of oilseed rape cultivar Mendel highly significantly differed with the respect of resistance to P. brassicae from the remaining varieties. Rare case of infection of Mendel cultivar by P. brassicae was observed, and the disease infection index was low and confined to the interval from 0.02 to 0.14 ( Table 1) . However this might indicate a possibility of breaking down resistance of this cultivar under the experimental conditions (Diderichsen et al. 2003) . The remaining varieties did not significantly differ in resistance to the infection by the discussed pathogen. In spite of this, varieties may be classified in the order from those characterized by the highest disease infection index to characterized by the lowest index. In the performed experiment this order was as follows: Pomorzanin, Extrem, Libomir, Ontario, Kaszub, Bazyl, Bojan, Cabriolet, Californium (Table 2) .
Analyzing varietal reactions for particular soils statistically confirmed differences between disease infection indexes observed only for soil (c), where the index for the variety Pomorzanin was significantly higher than related values for varieties: Cabriolet, Kaszub, Extrem and Bojan, and also on soil (e) where infection of varieties Bazyl and Bojan was higher in relation to variety Cabriolet (Table 1, Fig. 2 ). 
CONCLUSIONS
Clubroot can present a serious threat to oilseed yielding in many regions of the country, especially in crops with a high share of oilseed rape in a sowing structure. To the localities most endangered with clubroot occurrence belong the voivodeships: zachodnio-pomorskie, pomorskie, warmińsko-mazurskie and a part of kujawsko-pomorskie, dolnośląskie, podkarpackie and lubuskie.
The level of pathogen's infection depends mainly on soil derivation (degree of soil infestation). In majority cases, no significant differences were found between the studied cultivars from the Polish National List of Varieties of Agricultural Plants considering the level of pathogen's infection. The cultivar Mendel (CCA) revealed a significantly high level of resistance to P. brassicae from various localities in Poland.
rzepaku ozimego na porażenie przez P. brassicae. W fazie zielonego pąka wykonano analizę stopnia porażenia roślin. Stwierdzono, że odmiana Mendel (CCA) charakteryzowała się istotnie niższym stopniem porażenia w porównaniu z innymi badanymi odmianami z Krajowego Rejestru Odmian Rzepaku. Odmiany te były porażane w zróżnicowanym stopniu, ale w większości nie zostało to potwierdzone statystycznie. Poziom porażenia zależał przede wszystkim od miejsca pochodzenia gleby.
